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Q_Aminr>-Prop"™' Derivatives 

^ present invent relates ,o a-amino-ptopano, derivat.es. process for the,, production 
and pharmaceutical compositions containing them. 

More pamcularly the present invention provides a compound of formula I 

fl I 

R4R3N-]— (CH 2 )m-XR 2 
R 

wherein 

m is1,2or3; 

X „ !s H* Z *i ~— by OH, acyl, halogen, cyclop. P« 
' * or phenyl orally subbed hy OH, 

| OR. 

wherein R 5 is H or CatKy. optional* suhstituted by 1 , a or 3 halogen atoms, and R, is 
h nr e^alkvl optionally substituted by halogen; 
each of ^t! -IpendU. I. H, 0 M a,Ky, optional* subs*ted by hatogen. or acyl, 



and 
R 



ie c o„alkyl which may optionally have in the ohain an oxygen atom and which may 
: p «:Cetbs,tute y d by nitro. halogen, amino, hydroxy or carboy or a rescue ot 

formula (a) 




• u ^ oiw«iorC aikoxv and Rs is substituted C 1 . 20 alkanoyl.phenylC 1 - 

rxyorphenyfCalKoxy wherein Ute cycfoalKy, or phenyl nng ^opbon* 
i^Zed by halogen, CalKy. andtorCaiRoxy. phen y .O,.„aiKoxyC 1 .„a.Kyt, 
DhenoxyC,.,4alkoxyorphenoxyCi-ualkyl. 

^ a£ a residue of fomtu.a (a, wherein Rs is C..,.a.Koxy when R, ts C M aUry>. 
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C^alkenyl or C^alkynyl, 
in free form or in salt form. 

Halogen is F, CI, Br or I. Alkyl or alkoxy may be straight or branched chain. 

Cycloalkyl is preferably C^ocycloalkyl, more preferably C M cycloalkyl and includes, for 
example, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl or cycloheptyl. 

Acyl is optionally substituted alkanoyl or aroyl, in which alkanoyl is a straight- or branched 
chain alkanoyl having 1 to 20 carbon atoms, and is e.g. formyl, acetyl, propionyl, butanoyl 
isobutyryl, pentanoyl or hexanoyl. Examples of aroyl include e.g. benzoyl, d^lkanoyl is 
preferably C^alkanoyl and may optionally be substituted, e.g. by phenyl or cycloalkyl, e.g. 
cyclohexyl, preferably at the terminal position. Examples of substituted alkanoyl include e.g. 
benzoyl, phenylacetyl, phenylpropionyl, phenylbutanoyl, cyclohexylacetyl, 
cyclohexylpropionyl, cyclohexylbutanoyl or cyclohexylbutanoyl. 

In phenylCM 4 alkyl or phenyld-^alkoxy the d. 14 alkyl or C,. 14 alkoxy moiety preferably 
contains 1 to 1 0 carbon atoms. 

When is substituted d^alkyl, it may be Chalky! substituted by OH, preferably at the 
terminal position, or d-ealkyl substituted by 1, 2 or 3 substituents selected from acyl, 
halogen, cycloalkyl, phenyl and hydroxy-phenylene. 

In the compounds of the invention, the following significances are preferred individually or in 
any sub-combination: 

1 . m is 1 or 2, preferably 1 . 

2. XisO. 

3. R t is d-e alkyl optionally substituted by OH; C^alkenyl; or C^alkynyl. 

4. Each of R 3 and R4 is H. 

5. Each of R 5 and Re is H. 

6. R is a residue of formula (a). 

7. R 7 is H. 

8. R 7 is Ct^alkoxy, e.g. methoxy. 

9. R 8 is substituted d-2oalkanoyl, phenyld.^alkyl wherein the d. 14 alkyl is substituted by 
halogen or OH, cycloalkyld^alkoxy, or phenyld. 14 alkoxy wherein the phenyl ring is 
optionally substituted by halogen, d^alkyl and/or C^alkoxy. 

10. R, is C 2 ^alkenyl or C M alkynyl and R is a residue of formula (a) wherein Rs is d- 
14 alkoxy. 
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„ Risa.^eof.om.utaWwhereinR.isC^ox,. 

„ ,„ residue of fom-ula (a) -(CH,)^- is -CHrCHr • 

rein m e,ac,parapos, toto -(CH^,P^.npe ra . 

14 . ftisinorthotoR.. ^ 
^pounds o, .omurfa . .a, axis, in <ree ^ ^ organlc acid , 

organic adds, such as hydrochionde, ^^e or 

bearing R and B, may have the R or S conhg ^ (rans . 

fom<u ,a , incude Ins appiy in raiaaon ,0 s,aran g 

compounds and mixtures thereof Smatar co as mentioned above. 

m a,eHais exhib^ asymetnc carbon atoms or unsa«u ^^^,3. 

heptanoyD-phenyll-buty.} ester. , 

protecting group R 4 in a compound of formula II 

fi II 
R'^N-j— (CH 2 )m-XR" 2 



R 



v. m y Ri and R 3 are as defined above, and 
wherein m, X, Hi ana n 3 

15 off, 

o 
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each of R' 5 and R' 6 , independently, is a hydrolysable group, and 
R 4 is an amino protecting group, 

and, where required, converting the compounds of formula I obtained in free form into the 
desired salt form, or vice versa. 

Preferably R' 5 and R ' 6 are identical and have the significance of e.g. phenyl or benzyl or form 
together a cyclic system such as in 1 ,5-dihydro-2,4,3-benzodioxaphosphepin. Examples of 
suitable amino protecting groups as R' 4 are e.g. as disclosed in "Protective Groups in 
Organic Synthesis'* T.W. Greene, J.Wiley & Sons NY, 2 nd ed., chapter 7, 1991, and 
references therein, e.g. acyl, e.g. tert.-butoxy-carbonyl, benzyloxycarbonyl, 9-fluorenyl 
methoxy carbonyl, trifluoroacetyl, trimethylsilylethanesulfonyl and the like. 

The removal of the amino protecting group and/or of R ' 5 or R' 6 groups in the compounds 
wherein X is O may conveniently be performed according to methods known in the art, e.g. 
by hydrolysis, e.g. in a basic medium, for example using a hydroxide such as barium 
hydroxide. It may also be performed by hydrogenolysis, e.g. in the presence of Pearlman's 
catalyst, e.g. as disclosed in J.Org.Chem., 1998, 63, 2375-2377. The removal of the amino 
protecting group and/or of R' 5 or R' 6 groups in the compounds wherein X is a direct bond 
may be conveniently performed according to methods known in the art, e.g. by hydrolysis, 
e.g. in an acidic medium, by hydrogenolysis or e.g. as disclosed by G. Osapay et al. 
Tetrahedron 43 (13), 2977-2983. 

The compounds of formula II, used as starting materials, and salts thereof are also novel 
and form part of the present invention. 

Compounds of formula II wherein X is O may be prepared by reacting a compound of 
formula Ilia 

,,la 

R 4 R 3 N — J — (CH 2 )m-OH 
R 

wherein m, R, R 1f R 3 and R 4 are as defined above, 

with a phosphorylating agent, e.g. a phosphorochloridate, e.g.diphenylchlorophosphate or 
dibenzylchtorophosphate, cyanoethylphosphate, a phosphoramtdate such as N-phenyl 
phosphoramidate, 3-(diethylamino)-1,5-dihydro-2,4,3-benzodioxaphosphepin and the like. 
The reaction may be carried out according to methods known in the art, e.g. as disclosed in 
J.Org.Chem. supra. In the compounds of formula Ilia the amino group is preferably in 
protected form, as R \ when R4 is other than acyl. 
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compound of formula lllb 

R- 4 R 3 N-|— (CH 2 )m-Y Hlb 
R 

serein R, R* «. — - are as d * ed i *" >Ve ' ""' 

Y is a leaving group, •■«• Br - ™^»i™, a » a in the presence of NaH. The 

bv G Osapay et al in supra. 

Dyb F , ~ MmMI be nerformed simultaneously by 

• - »,<> nu and amino protection may oe penomieu 
in above reactions, the OH and ammo p ^ obtajn a ^ 

e^pounOs are Known o, m sy be ^«*0»*»^ 0 , formu ,a >Ua or ..»> * 
dsoiosed in me Examples ^re^ahe^Fc, e«m^e r»mpo ^ 

thereof being incorporated herein by reference. 

Am ong the compounds of formula ...a. the compound, of formula X 

R4,B^-t(CH 2 )rr-^^ X 
CH^OR^ 

wherein 

«sH.CMalkyloracyl alkvl optionally substituted by halogen or acyl. 

each of Rax and R4„ independently, is H, Chalky! option y 
Rat isH.CMalkylorCMalkoxy.and 
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R 6x is Ci-2oalkanoyl substituted by cycloalkyl; cycloalkylCi. 14 alkoxy wherein the cycloalkyl 
ring is optionally substituted by halogen, C^alkyl and/or C^alkoxy; phenylC t . 14 alkoxy 
wherein the phenyl ring is optionally substituted by halogen, C^alkyl and/or C^alkoxy, 
R 6x being also C^ualkoxy when R 1x is C^alkyl substituted by OH, or pentyloxy or hexyloxy 
when Ri x is d^alkyl, 

provided that R 6x is other than phenyl-butylenoxy when either R 5x is H or R 1x is methyl, 

in free form or in salt form, 

are novel and form part of the invention. 

C^alkoxy as R 6 * is preferably C^oalkoxy. 

Compounds of formula X may exist in free form or in salt form, e.g. addition salts with e.g. 
inorganic acids, such as hydrochloride, hydrobromide or sulfate, salts with organic acids, 
such as acetate, fumarate, maleate, benzoate, citrate, malate, methanesulfonate or 
benzenesulfonate salts. Compounds of formula X and their salts in hydrate or solvate forms 
form also part of the invention. 

When the compounds of formula X have one or more asymetric centers in the molecule, 
various optical isomers are obtained. The present invention also encompasses enantiomers, 
racemates, diastereoisomers and mixtures thereof. For example, the central carbon atom in 
formula X may have the R or S configuration. When the compounds of formula X include 
geometric isomers, the present invention embraces cis-compounds, trans-compounds and 
mixtures thereof. Similar considerations apply in relation to starting materials exhibiting 
asymetric carbon atoms. 

Compounds of formula X may be prepared in accordance with methods known in the art, 
e.g. as disclosed in EP-A1- 0 778 263 or EP-A1-0 627 406, e.g by removing either a 
hydroxy-protecting group present in R 1x or in R2x in a compound of formula X comprising a 
hydroxy-protecting group in R 1x or in R2* or an amino-protecting group present in R4 X or in 
a compound of formula X comprising an amino-protecting group in R4 X or R 3x , e.g. as 
disclosed in Examples 17 to 27. If one of or R 4x is an amino-protecting group, then the 
other is preferably H. Compounds of formula X wherein each of R 1x and R^ contain a 
terminal hydroxy, may also be prepared via an oxazolidin-2-one ring or a higher homolog 
intermediary step as disclosed in EP-A1- 0 778,263. Where required, the compounds of 
formula X obtained in free form may be converted into the desired salt form, or vice versa. 
Compounds of formula X may be prepared e.g. according to following scheme: 
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1. H^Pd/C 

2. Introduction of R> 



HQ, HOAc 



BoC OH 

disclosed in the Examples hereinafter, e.g. in example 6. 
The following Examples are illustrate of the invention. 



RT 

DMF 

Fmoc 

Boc 

Cbo 

TEA 
HOSu 
FTY720 



room temperature 
Dimethylformamide 
9-Fluorenyl methoxy carbonyl 
tert.-butoxy-carbonyl 
Carboxybenzoxy 
Triethylamine 
Hydroxysuccinimid 

2-amino-2-t2-(4^ctylphenyl)ethyl]propane-1,3^ol 



J ^ :Ph ospHo ri ca^^ 

pentanoyl)-phenyl]-butyl} ester 
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a) (1 J-Bis-hvdroxvmethvl-3-r4-f5-phenvl-pentanovl)'Phenvn-Dropvll-carbamic acid 9H- 
fluoren-9-vlmethvl ester 

1-[4-(3-Amino-4-hydroxy-3-hy^ (1.07 g, 3 

mmol) is dissolved in DMF/water (100 ml f 8/2). After addition of NaHC0 3 (1g) and 
FmocHOSu (1.21 g, 3.6 mmol) the reaction is kept at RT for 24 hours. The reaction is then 
poured in aqueous NaHC0 3 solution (6%, 500 ml) and the resulting precipitate is filtered off 
and dried. The resulting Fmoc protected compound is purified on silica gel using cyclo- 
hexane/ethyl acetate (1/1) as mobile phase. 
[M+H]*: 558 (ESI-MS) 

b) {1 -(Diphenoxy-phosphoryloxymethyl)-l -hydroxymethyl-3-[4-(5-phenyl-pentanoyl)-phenylJ- 

propylj-carbamie acid 9H-fluoren-9-ylmethyl ester — — — ' 

Compound of step a) (1.1 g, 2 mmol) is dissolved in dichloromethane (100 ml) and then 
treated with TEA (0.42 ml; 3 mmol) and diphenylphosporyl chloride (0.45 ml, 2.2 mmol). 
After 16 hours at RT the reaction medium is extracted with 0.5N HCI and the organic phase 
is separated, dried and concentrated. The crude compound is purified on silica gel using 
cyciohexane/ethyl acetate (3/1) as mobile phase. 

[M+Hf: 809 (ESI-MS) 

c) Phosphoric acid mono-f2-amino-2-hvdroxvmethvl-4-(4-octvl-Phenvn-butvn ester 
Compound obtained in step b) (0.32 g, 0.4 mmol) is dissolved in ethanol/water (10 ml, 3/2) 
and, after addition of barium hydroxyde-octahydrate (0,56 mg, 1 .8 mmol), is kept at 75°C for 
14 hours. After cooling to RT the slurry is neutralized with solid carbon dioxide and filtered. 
The residue is disspiyedjn acetic acid (95%; 5 ml) and then diluted with water to a volume of 
50 ml. The resulting precipitate is filtered off and dried over P 4 O 10 . 

NMR, CD 3 OD + 0.1 N DCI, 5(ppm): 1.70 <m, 4H, ArCH , CHoChU CHo). 2.02 (q f 2H, CUCHC). 
2.65 (t, 2H, CH 2 Ph), 2.78 (m, 2H f CH 2 CO), 3.01 (t, 2H t COArCH 2 ), 3.73 (s, 2H, CH 2 OH) 4.16 
(2H, CH 2 OP), 7.10 - 7.25 (m, 5H, arom. CH) f 7.38 (d, 2H, arom. CH), 7.91 (d. 2H, arom. 
CH). MS: (ES-): 434.3 (M-H)* 

Example 2 ; Phosphoric acid mono-{2-amino-4-[4-(5-cyclohexyl-pentanoyl)-phenyl]-2- 
hydroxymethyl-butyl} ester 

By following the procedure as disclosed in Example 1 , but using the appropriate starting 
compounds, following compound is obtained: 
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HO.^OH 



HO 




~. *, v. v qc , so (m 15H, aliphatic H), 2.02 (m, 2H, CH^C), 

<d, 2H, arom. CH). 7.95 (d, 2H. arom. CH), 

U (ES - ): 440.3 (M-H)'; MS: (ES+): 442.3 (MH ) 

phenyl-pentyl)-phenyl>butyl} ester 




MS (ES) 438.2 [M+Hf ^ 
heptanoyl)-phenyl]-butyI} ester 

compounds, following compound is obtained: 




MS (ES) 463.2 [M+Hf 

heptanoyl)-phenyl]-butyl} ester 




.: "a 
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The compound is obtained by reducing the compound of Example 4 in protected form. 
MS (ES) 464.2 [M+HJ* 

Example 6 : Phosphoric acid mono-{(R)-2-amlno-4-[3-methoxy-4-(4-phenyl-butoxy)- 
phenyl]-2-methyl-buty1} ester 




The endproduct of step i) (60 mg; 0.1 1 mmol) is treated with glacial acetic acid (1 ml) and 
concentrated HCI (0.1 ml) for 30 minutes at RT. After diluting with water (10 ml) the reaction 
mixture is freeze dried. Pure title compound is obtained without any further purification. 
MS (ES) 438.2 [M+Hf 

a) 2-[3-Methoxy-4-(4-phenyl-butoxy)-phenyl]-ethanol 

To a solution of homovanillyl alcohol (10 g f 59.3 mmol) in dry methanol (140 ml), there is 
added 12 ml of 1N NaOCH 3 in methanol. After addition of a solution of 1-bromo-4- 
phenylbutane (12.6 g, 69.3 mmol) in THF (10 ml) the reaction mixture is kept at reflux for 3 
hours. After cooling the reaction is quenched with saturated aqueous NaHC0 3 and extracted 
with ethyl acetate (2 times, 500 ml each). The organic layer is dried over MgS0 4 and the 
solvent is removed by evaporation. The crude residue is then purified on silica gel using 
ethyl acetate/n-hexane (1/1) as mobile phase. 

b) 4-(2-iodo-ethyl)-2-methoxy-1 -(4-phenyl-butoxy)-benzene 

Triethylamine (5.3 ml) is added to a solution of the endproduct of step a) (8.1 g; 27 mmol) in 
dry dichloromethane (150 ml). The reaction mixture is cooled to 0° C and after addition of 
methanesulphonyl chloride (2.5 ml; 32.4 mmol) the reaction is kept at 0° C for 30 minutes. 
After quenching with water the organic layer is dried over MgS0 4 and evaporated to yield a 
colourless oil. The residue is dissolved in dry acetone (200 ml) and Nal (5.3 g; 35.1 mmol) is 
added and the reaction mixture is kept at RT for 14 hours and then refluxed for 4 hours. 
After filtration and evaporation the residue is dissolved in ethyl acetate and extracted (2 
times) with water. The organic phase is dried over MgS0 4 and the solvent is removed under 
reduced pressure. Recrystallisation from diethylether/hexane yields pure crystallized 
endproduct 

c) (2R f 5S)-3,6-Diethoxy-2-isopropyl-5-{2^ 
dihydro-pyrazine 
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^ ,« n nf? times) with ethyl acetate the organic phase is dned over m 9 o 

diethylether/n-hexane (1/9) as mobile phase. 

^asRH^etho^^ 
etrryl)-2.5-dihydrowraiine 

Toaso,u«ono,,heendproduao,s,^^^ 

.Here te added e««M. CM * « «* 1 • « " A M e 

78«C methytiodide (0.37 ml; 6 mmoO dissolved m dry THF 0» «* " 

■ h nf 1 o minutes The reaction mixture is allowed to wain* up to RT and it is Kep 

C^-^e w ^ add *" 68,81 
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organic layer is dried over MgS0 4> evaporated and the residue is purified on silica gel with 
pure ethyl acetate as mobile phase. 

f) (R)-2-Amino-2-ethyl-4-[3-methoxy-4-(4-phenyl-butoxy)-phenyl]-butan-1-ol 




UAIH4 (1.13 ml; 1.13 mmol; 1M in THF) is added to a solution of the endproduct of step e) 
(0.31 g; 0.75 mmol) in dry THF (91 ml). After 30 minutes at reflux and cooling down to RT 
the reaction mixture is carefully quenched with 0.4 ml saturated aqueous Na 2 S0 4 solution. 
After filtration the solution is evaporated under reduced pressure and the residue is purified 
on silica gel with ethyl acetate/methanol (9/1) as mobile phase. MS (ES+): 358.3 [MFT] 

g) N-Boc-(R)-2-Amino-2-ethyl-4-[3-methoxy-4-(4-phenyl-butoxy)-phenyl]-butan-1-ol 




To a solution of (R)-2-Amino-2-ethyl-4-[3-methoxy-4-(4-phenyl-butoxy)-phenyl]-butan-1-ol 
(2.4 g; 6.5 mmol) in dichloromethane there is added triethylamine (1.08 ml; 7.8 mmol) and 
di-tert-butyl dicarbonate (1.56 g; 7.15 mmol). After further addition of dichloromethane (10 
ml) and THF (5 ml) the reaction mixture is kept at RT for 14 hours. The solvents are 
evaporated under reduced pressure and pure title compound is obtained by recrystallisation 
from ethyl acetate/n-hexane. MS (ES) 458.3 [M+H] + 

h) [(R)-3-[3-Methoxy-4-(4-phenyl-butoxy)-phenyl]-1 -methyl-1 -(3-oxo-1 ,5-dihydro-3X*5*- 
ben2o[e][1,3,2]dioxaphosphepin-3-yloxymethyl)-propyl]-carbamic acid tert-butyl ester 




To a solution of N-Boc-(R)-2-Amino-2-ethyl-4-[3-methoxy-4-(4-phenyl-butoxy)-phenyl]-butan- 
1-ol (0.23 g; 0.5 mmol) in THF (5 ml) is added N t N-diethyM,5-dihydro-2,4 F 3- 
benzodioxaphosphepin-3-amine (0.24 g; 1 mmol) and tetrazole (0.11 g; 1.5 mmol). After 2 
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wo ^ The reason m,«u,e NaHCO, so,*, - 

dichloromethane/ethanol (95/5) as mobile phase. 

x Honvrti 1 methvl-1-phosphonooxymethyl-propy«}- 
0 t^^-Methoxy-A-t^phenyl-butoxyJ-phenyU-l-methy. P 

carbamic acid tert-butyl ester 




« mm «n is dissolved in ethanol/ethyl acetate (30 ml 

2,1, and hydroflena,cd w*h Pd/C,„ as cat* 
ffltenng and evaporation tha title compound « elated 

MS m ' M+Hr amln ^«hyMH3-n»«h.xy-H4M»han^ 
BanHfeS Phoaphorto aoid monoKCRK-anano-i-ethyl 

boloxy)-phenyll*utyl) ester 

O'bH 

^ : P h ..p h .r 1 c^n»rKK« R W^^^^- , • 
phenyl]-butyl> ester 



H.N. 



OOH 
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NMR, DMSO,8(pprn): 1.29 (s, 3H, CCH 3 ). 1.82 (m, 2H, CCH 2 ), 2.02 (pent, 2H, CH a CH,CH,l 
2.58 (m, 2H, CH 2 PhO), 2.77 (t, 2H, PhCH 2 ), 3.80 - 3.98 (4H, CH 2 0), 6.88 (d, 2H, arom. CH), 
7.12 (d, 2H, arom. CH), 7.18 - 7.35 (m, 5H, arom. CH). 
MS (ES-): 785.3 (2M-H). 392.3 (M-H). 

a) (R)-2-Amino-4-(4-benzyloxy-phenyl)-2-methyl-butan-1 -ol 



2-[4-(benzyloxy)phenyl)ethyl bromide is used instead of 4-(2-iodo-ethyl)-2-methoxy-1-(4- 
phenyl-butoxy)-benzene in step c) of example 6). MS (ES) 286.2 [M+H] + 

b) N-Boc-(R)-2-amino-4-(4-benzyloxy-phenyl)-2-methyl-butan-1 -ol 



To a solution of (R)-2-amino-4-(4-benzvloxy-phenyl)-2-methyl-butan-1-ol (1.85 g; 6.5 mmol) 
in dichloromethane is added triethylamine (1 .08 ml; 7.8 mmol) and di-tert-butyl dicarbonate 
(1.56 g; 7.15 mmol). After further addition of dichloromethane (10 ml) and THF (5 ml) the 
reaction mixture is kept at RT for 14 hours. The solvents are evaporated under reduced 
pressure and pure title compound is obtained by recrystallisation from ethyl acetate/n- 
hexane. MS (ES) 386.2 [M+H] + 

c) N-Boc-(R)-2-Amino-4-(4-hydroxy-phenyl)-2-methyl-butan-1 -ol 



A solution of the endproduct of step i) (2.4 g; 6.2 mmol) in ethanol (240 ml) is hydrogenated 
over Pd/Cio% (300 mg) at normal pressure. After three hours the catalyst is filtered off and 
the filtrate is concentrated under reduced pressure. Purification is achieved by 
recrystallisation from ethanol/diethylether/n-hexane. MS (ES) 296.2 [M+H] + 

d) N-Boc-(R)-2-Amino-2-methyl-4-[4-(3-phenyl-propoxy)-phenyl]-butan-1 -ol 




HO 
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HO 




. ■ . «♦ *n°r for further 14 hours. After cooling xne 
mixture is kept at 50 C for tunner 

mtr=r^r«^=.'^ 

phase. MS (ES) 413.3 [M+H]* 

e, & 0 KRH-Methy^^^ 

carbamic acid tert-butyl ester 




z^-zz ■ — ~ — " 

methyl-butyl) ester 



H,N 



IZp^)-^ ***** - (W*-***"^ » d ' 

ggjjSEjajO: Phosphoric acid monoK(RV2-amln<MK4^4- 
phenyl)-2Mnothyl-butyl) ester 
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The synthesis is performed according to the procedure of example 8 using the mesylate of 
3-(4-methoxy-phenyl)-propan-1-ol instead of (3-bromo-propyl)-benzene in step d). 
MS (ES) 324.2 [M+HJ* 

Example 11 : Phosphoric acid mono-{(R)-2-amlno-4-[4-(3-cyclohexyl-propoxy)-phenyl]- 
2-methyl-butyl) ester 




O OH 

The synthesis is performed according to the procedure of example 8 using the mesylate of 
3-cyclohexyl-propan-1ol instead of (3-bromo-propyl)-benzene in step d). 
MS (ES) 400.2 [M+H]* 

Example 12 : Phosphoric acid mono-{(R)-2-amino-2-methyl-4-[4-(5-phenyl-pentyloxy)- 
phenyl]-butyl) ester 



H,N 
HO 



'OH 

The synthesis is performed according to the procedure of example 8 using 1-bromo-5- 
phenylpentane instead of (3-bromo-propyl)-benzene in step d). MS (ES) 422.2 [M+H]* 

Example 13 : Phosphoric acid mono-{(R)-2-amino-2-methyl-4-[4-(4-phenyl-butoxy)- 
phenylj-butyl} ester 

H 2 N 

O r bH 




The synthesis is performed according to the procedure of example 8 using 1-bromo-4- 
phenylbutane instead of (3-bromo-propyl)-benzene in step d). MS (ES) 408.2 [M+HJ* 
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Exam] 

4-ynyl} ester 



-:sss=r=5S£=s > 

kxto-elhylVbenrene .nstead of 4-(2ho*. elh, ) 

3.83 (m , 4H, OH*). 6.87 » * (2M *H>, 398.3 (MH>. 

M^fES-V 793.3 (2M-H), 396 (M-H); MS (ES+)./»o v 

ftno .rmV2.amino.2.methyl-4K4-pentyIoxy-phenyl)- 

E^g^glelS: Phosphoric acid mono-[(R)-2 ammo- 



butyl] ester) 




w oh 

, «u rru \ 1 30 - 1 .50 and 1 .65 - 1 .95 

NMR , DM so,(pp m , o.92 , « ««» c « _ c H ;>; 4Ht CH20)> , 87 (d , 2H , 

(br. 8H. CHaCHaCHa. CCH 2 ). 2.55 (m, 2H, CHaPh), 
arom. CH). 7.12 (d. 2H. arom. CH) 

«c v fiR9 3 (2M-H), 380 (M+CI), 344 (M-H). 
MS (ES-). 689.3 <2M on ^ RV2 .a m lno^4.hexyloxy-pheny.)-2-methy^ 
g2aJBEl ej6 S LPh<>sphorlc acid mono-l(R)-2 aminos 

butyl] ester 




butyl] ester 
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<*OH 



NMR, DMSO.S(ppm): 0.91 (2x t, 6H, CCHa.CHzCHa), 1.23 - 1.48 and 1.64 - 1.83 (br, 14H, 
CH 2 CH 3 , CCH 2 , (CH 2 ) 5 ). 2.55 (m, 2H, CH 2 Ph), 3.93 (m, 4H, CH 2 0), 6.87 (d, 2H, arom. CH). 
7.12 (d, 2H, arom. CH). 
MS (ES-): 773.4 (2M-H), 386.3 (M-H). 

Example 17: (R)-2-Amino-2-ethyl-4-[3-methoxy-4-(4-phenyl-butoxy)-phenyl]-butan-1-ol 



The title compound is prepared by following the procedure of Example 6, steps a) to f). 
except that ethyl iodide (0.48ml; 6 mmol) is used instead of methyl iodide In step d). 
MS (ES+): 372.3 [MH*] 

Example 1 8: (R)-2-Ethyl-4-(4-heptyloxy-phenyl)-2-methylamino-butan-1-ol 



Using 1-heptyloxy-4-(2-iodo-ethyl)-benzene (as disclosed in WO 9408943 A1) instead of 4- 
(2-iodo-ethyl)-2-methoxy-1-(4-phenyl-butoxy)-benzene in step c) of example 6. 
MS (ES+): 322.3 [MH*] 

N-methylation of (R)-2-amino-2-ethyl-4-(4-heptyloxy-phenyl)-butyric acid ethyl ester is 
performed as follows: 

(R)-2-amino-2-ethyl-4-(4-heptyloxy-phenyl)-butyric acid ethyl ester (175 mg; 0.5 mmol) is 
dissolved in dichloromethane (2 1) and formic acid (100 pi), p-formaldehyde (100 pi; 30% In 
water) and NaBH 3 CN are added. After 1 hour at RT the reaction mixture is extracted with 
saturated aqueous NaHC0 3 solution and the organic layer is dried over MgS0 4 and purified 
on silica gel using n-hexane/ethyl acetate (1/1 — > 1/9) as mobile phase. 

Example 19: (S)-2-Amlno-2^2-benzyloxy-ethyl)-4-(4-hepty1oxy-phenvl)-butan-1-ol 
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HO. 




ethyliodide in step d) of example 6). 
MS (ES+): 428.3 [MHT 




hydrogenated over Pd(OH) 2 (120 mgaua v _ entrflted un der reduced pressure. 

-> 75/25/1) yields pure endproduct. MS (ES+): 338.3 [MH ] 
g£25 ^ (R) - 2 .A m ln^.mem yl ^4-pen^ l oxv-pheny l >-bu«a n .,.o 1 




. -> ren ™- 0 14 mmol) is treated with olaclal acetic add (0.5 ml) and 
The endproduct of step m) (SO mo. 0.14 mmol) ^ ^ 



T^HCl (0 « ml) a, RTfor 20 minutes, me reac«on mfxhrre is diluted 
^.e isLed oft and washed 2 times w* dlemylether and dned. 

^"1^4,4^^-^^^"^" 
;^,.2-Am,n^yd roW hanyr,-2-me^-hu te n-1-c4 prepared as dfcctosed ,n 

^ft^-U^^ 
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To a solution of the endproduct of step ii) (200 mg; 0.68 mmol) in ethanol (4 ml) are added 
K 2 C0 3 (233 mg; 1.7 mmol) and 1-iodopentane (0.1 1 ml; 0.82 mmol). After 6 hours at 50°C 
additional 1-iodopentane (0.11 ml; 0.82 mmol) is added and the reaction mixture is kept at 
50°C for further 14 hours. After cooling the reaction is diluted with ethyl acetate and 
extracted with water (2 times). The organic phase is dried over MgS0 4 , concentrated and the 
crude is purified on silica gel using diethylether/n-hexane as mobile phase. 

Example 22: (R)-2-Amino-2-methyl-4-[4-(5-phenyl-pentyloxy)-phenyl]-butan-1-ol 




Using 1 -bromo-5-phenyl-n-pentane instead of 1-iodopentane in step iii) of example 21). 
MS (ES+): 342.3 [MH*] 

Example 23: (R)-2-Amino-2-methyl-4-[4-<3-phenyl-propoxy)-phenyl]-bi it a n-1-nl 




Using 1-bromo-3-phenyl-propane instead of 1-iodopentane in step iii) of example 21). 
MS (ES+): 314.2 [MH*] 

Example 24: (R)-2-Amino-4-[4-(4-ethyl-ben2yloxy)-phenyl]-2-methyl-butan-1 -ol 




Using the mesylate of (4-ethyl-phenyl)-methanol [synthesized according to example 6) - step 
b)) instead of 1-iodopentane in step iii) of example 21). 
MS (ES+): 314.2 [MH*] 



Example 25: (R)-2-Amino-4-[4-(4-ethyl-benzyloxy)-phenyl]-2-methyl-butan-1 -ol 
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Usjn9 »e .esyiate - + — t0 — * 

6) - step bfl instead of 1 -iodopentane in step Hi) of exampie 21). 

MS(ES+): 344.2 [MH*1 
Pimple 26: (R)-2-Arnino-4 



<4-<3*yclohe^^ 



HO 



H-N" 




m instead of 1-iodcpentane in step i») of exampie 21). MS(ES+). 320.3 
pentan-1-one 




^ compound is syn,hesi»d according .0 US 6,214,873 B1 (coi. 20, ^ (4-brornoW 
ZZZ Lad o, ,4-Pron.o^f^ene for ft. OH^rd reaCo, 
MS(ES+): 362.3 [MH*] 

^ ccmpo^s o, formuia , a* *e ccmpo^ ^ 
p^os^ accepts sa» ^^^J^L, n.oduia** 

therapy. 
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A. In vitro 

The compounds of the invention have binding affinity to individual human S1P receptors as 
determined in following assays: 

Transient transfection of human S1 P receptors into HEK293 cells 
EDG receptors and Gj proteins are cloned, and equal amounts of 4 cDNAs for the EDG 
receptor, G r a f G r p and G r y are mixed and used to transfect monolayers of HEK293 cells 
using the calcium phosphate precipitate method (M. Wigler et al., Cell. 1977,;11;223 and DS. 
Im et al., Mol. Pharmacol. 2000;57;753). Briefly, a DNA mixture containing 25 pg of DNA and 
0.25 M CaCI is added to HEPES-buffered 2 mM Na 2 HP0 4 . Subconfluent monolayers of 
HEK293 cells are poisoned with 25 mM chloroquine, and the DNA precipitate is then applied 
to the cells. After 4 h, the monolayers are washed with phosphate-buffered saline and refed 
media (90% 1:1 Dulbecco's modified essential media (DMEM):F-12 + 10% fetal bovine 
serum). The cells are harvested 48-72 h after addition of the DNA by scraping in HME buffer 
(in mM: 20 HEPES, 5 MgC! 2 , 1 EDTA, pH 7.4) containing 10% sucrose on ice, and disrupted 
using a Dounce homogenizer. After centrifugation at 800xg, the supernatant is diluted with 
HME without sucrose and centrifuged at 100,000xg for 1 h. The resulting pellet is 
rehomogenized and centrifuged a second hour at 100,000xg. This crude membrane pellet is 
resuspended in HME with sucrose, aliquoted, and snap-frozen by immersion in liquid 
nitrogen. The membranes are stored at 70 °C. Protein concentration is determined 
spectroscopically by Bradford protein assay. 

GTP-yS binding assay usino S1P receptor/HEK293 membrane preparations 
GTPyS binding experiments are performed as described by DS. Im et aL, Mol. Pharmacol. 
2000; 57:753. Ligand-mediated GTPyS binding to G-proteins is measured in GTP binding 
buffer (in mM: 50 HEPES, 100 NaCI, 10 MgCI 2 , pH 7.5) using 25 pg of a membrane 
preparation from transiently transfected HEK293 cells. Ligand is added to membranes in the 
presence of 10 pM GDP and 0.1 nM [^SJGTPyS (1200 Ci/mmol) and incubated at 30 °C for 
30 min. Bound GTPyS is separated from unbound using the Brandel harvester 
(Gaithersburg, MD) and counted with a liquid scintillation counter. 

In these assays, the compounds of the invention have binding affinities to S1P receptors in 
the sub-microM range. 

B. In vivo: Blood Lymphocyte Depletion 

A compound of the invention or the vehicle is administered orally by gavage to rats. 
Tail blood for hematological monitoring is obtained on day -1 to give the baseline individual 
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,„ a ~n hours after drug application. In this assay, the compounds 
vaures, and at 2, 6. 24. 48 and 72 ^ TZ.ee when administered a, a dose of 0.03 
„ „ mention depiete pedphera. blood « 

t0 3 mg*g. For example, Compound adminlslrato „, a dose o, 

nartpheral blood lymphocytes by mora than 50A 24 no 
r 4 0 6 0 5 0l ; 0.05;0^and0.3m a *g.respecavely. 

0.4. 0.6, 0.5. nt ^ prevent , on 0 , 

The compounds of me invention ere, therefore, useful transp|antatioo , soc h as 

diseases or Csomers mediated by ^^T^Z or Jived 9 ra« funcbon, 

erythematosus. ^^^^1'^^. pernicious anemia, Sjoegren 
syndrome, uve,bs. P , ^ 

diseases, e.g. allergic asthma, atoprc derma , . ^ ^ e . 8 . 

contact derma«ns,H*am m a to ^^ 

disorders, inflammatory eye drsease, keratoc oj ^ ^ ^ w 

ischamia/repenusion iniury, e.g. myocardial »*'<*™- *'° J^p^a, „ r T cel. 
hemonhage a,** fraumabc Induced,, sepbc she* 

ieukemias. infectious diseases. e.g. tox,c ° ^ hepatMs , ^ 
adu„ respiratory dWreas syndrome or -^~^ u§ „ ^ orflan aanspfcn* 
eaaedal infecbon, or aenite demenba. Examples * neuKma| flssu9 , 

M „de e.g. pancreabc iefefs, sfem cells, bone ^^"chea o, oesophagus. 
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example, in divided doses up to four times a day or in retard form. Suitable unit dosage 
forms for oral administration comprise from ca. 1 to 50 mg active ingredient. 

The compounds of the invention may be administered by any conventional route, in 
particular enterally, e.g. orally, e.g. in the form of tablets or capsules, or parenterally, e.g. in 
the form of injectable solutions or suspensions, topically, e.g. in the form of lotions, gels, 
ointments or creams, or in a nasal or a suppository form. Pharmaceutical compositions 
comprising a compound of the invention in free form or in pharmaceutical^ acceptable salt 
form in association with at least one pharmaceutical acceptable carrier or diluent may be 
manufactured in conventional manner by mixing with a pharmaceutical^ acceptable carrier 
or diluent. 

The compounds of the invention may be administered in free form or in pharmaceutical^ 
acceptable salt form e.g. as indicated above. Such salts may be prepared in conventional 
manner and exhibit the same order of activity as the free compounds. 

In accordance with the foregoing the present invention further provides: 

1.1 A method for preventing or treating disorders or diseases mediated by lymphocytes, 
e.g. such as indicated above, in a subject in need of such treatment, which method 
comprises administering to said subject an effective amount of a compound of the 
invention or a pharmaceutical^ acceptable salt thereof; 

1 .2 A method for preventing or treating acute or chronic transplant rejection or T-cell 
mediated inflammatory or autoimmune diseases, e.g. as indicated above, in a subject 
in need of such treatment, which method comprises administering to said subject an 
effective amount of a compound of the invention or a pharmaceutical^ acceptable salt 
thereof; 

2. A compound of the invention, in free form or in a pharmaceutical^ acceptable salt form 
for use as a pharmaceutical, e.g. in any of the methods as indicated under 1.1 or 1.2 
above. 

3. A pharmaceutical composition, e.g. for use in any of the methods as in 1 .1 or 1.2 
above comprising a compound of the invention in free form or pharmaceutical^ 
acceptable salt form in association with a pharmaceutical^ acceptable diluent or 
carrier therefor. 
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or 1 2 above. 

. »H mi n«tered as the sole active ingredient or in 
T.e compounds of .he invent may be > immun0Suppre8s We o, 
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ol me invention are administered in crunchen vrth other 
Where the compounds ol the invent™ cbemolherapeutic therapy. 
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present invention provides in a yet further aspect: 
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immunomodulatory, anti-inflammatory or chemotherapeutic drug, e.g. as indicated 
above. 

6. A pharmaceutical combination, e.g. a kit, comprising a) a first agent which is a 
compound of the invention as disclosed herein, in free form or in pharmaceutical^ 
acceptable salt form, and b) at least one co-agent, e.g. an immunosuppressant, 
immunomodulatory, anti-inflammatory or chemotherapeutic drug. The kit may comprise 
instructions for its administration. 

The terms "co-administration" or "combined administration* or the like as utilized herein are 
meant to encompass administration of the selected therapeutic agents to a single patient, 
and are intended to include treatment regimens in which the agents are not necessarily 
administered by the same route of administration or at the same time. 

The term "pharmaceutical combination" as used herein means a product that results from 
the mixing or combining of more than one active ingredient and includes both fixed and non- 
fixed combinations of the active ingredients. The term "fixed combination" means that the 
active ingredients, e.g. a compound of the invention and a co-agent, are both administered 
to a patient simultaneously in the form of a single entity or dosage. The term "non-fixed 
combination" means that the active ingredients, e.g. a compound of the invention and a co- 
agent, are both administered to a patient as separate entities either simultaneously, 
concurrently or sequentially with no specific time limits, wherein such administration provides 
therapeutically effective levels of the 2 compounds in the body of the patient. The latter also 
applies to cocktail therapy, e.g. the administration of 3 or more active ingredients. 

A preferred compound of the invention is the compound of Example 1 . 
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CLAIMS 

A compound of formula I 



Ri z 
R4R3N— |— (CH 2 )m-XR2 



wherein 

m is 1,2 or 3; 
X is O or a direct bond; 



R1 
R 2 is 



OR, 

II ^ 

o 



M Rsis H or ^ op«ona^ suited by 1. 2 or 3 halogen atoms, and Re is 
m or C^alkvl optionally substituted by halogen; 

is c „ lkyl which may option* hava in tha ohain an oxygan atom and whioh may 
^Xtls, Jd hy nKro. na.gan, amino, hydroxy o, oafcoxy: or a rastduao, 



and 
R 



formula (a) 



(a) 



wherein R 7 is H, Chalky, or C„a.koxy. and Ra is substituted C^kanoy. PhenyJC, 

a.^ or pheny.C, 14 a.koxy wherein the cycioalky. or phenyl nng ,s opt,ona«y 

sutlte^ by halogen. 
DhenoxvCi-ualkoxy or phenoxyCi.ualkyl, 
H a-asidua o. .ormUa <a) wharain Re is C,.„a»<oxy whan R, ,s C^Kyi. 

C 2 <alkenyl or C2^alkynyl, 
in free fonn or in salt form. 

^- .~ «i*sm 1 wherein R is a residue of formula (a). 
2. A compound according to claim 1 , wherein n is <* 
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3. 



A compound of formula X 



f- (CH 2 )i 

CH 2-° R 2x 



1x 




n 



X 



'6x 



wherein 

n is 2, 3 or 4 

R 1x is H; d-ealkyl optionally substituted by OH, acyl, halogen, cycloalkyl, phenyl or 
hydroxy-phenylene; d^alkenyl; Ca-ealkynyl; or phenyl optionally substituted by OH; 
R2x is H, C^alkyl or acyl 

each of R 3x and R 4x , independently, is H, C^alkyl optionally substituted by halogen or acyl, 
R 5x is H, C^alkyl or d^alkoxy, and 

Rex is CLgoalkanoyl substituted by cycloalkyl; cycloalkyld.^alkoxy wherein the cycloalkyl 
ring is optionally substituted by halogen, C^alkyl and/or C^alkoxy; phenylCt. 14 alkoxy 
wherein the phenyl ring is optionally substituted by halogen, C^alkyl and/or C^alkoxy, 
R 6x being also C 4 .i 4 alkoxy when R 1x is C^alkyl substituted by OH or pentyloxy or hexyloxy 
when Ri x is C^alkyl, 

provided that R 6x is other than phenyl-butylenoxy when either R 5x is H or R 1x is methyl, 
in free form or in salt form. 

4. A compound according to claim 3 wherein n is 2. 

5. A compound according to claim 3 wherein R^ is alkanoyl substituted by cycloalkyl; 
cycloalkyld.ualkoxy wherein the cycloalkyl ring is optionally substituted by halogen, Ci^alkyl 
and/or d^alkoxy; phenyld. 14 alkoxy wherein the phenyl ring is optionally substituted by 
halogen, d^alkyl and/or d^alkoxy. 

6. A compound according to claim 1 which is selected from phosphoric acid mono-{2- 
amino-2-hydroxymethyl-4-[4-(5-phenyl-pentanoyl)-phenyl]-butyl} ester, phosphoric acid 
mono-{2-amino-4-[4-(5-cydohexyl-pentanoyl)-phenyl]-2-hydroxymethyl-butyl} ester, 
phosphoric acid mono-{2-amino-2-hydroxymethyl-4-[4-(7-phenyl-heptanoyl)-phenyll-butyl} 
ester, phosphoric acid mono-{(R)-2-amino-4-[3-methoxy-4-(4-phenyl-butoxy)-phenyl]-2- 
methyl-butyl} ester, phosphoric acid mono-{(R)-2-amino-2-methyl-4-[4-{5-phenyl-pentyloxy)- 
phenylj-butyl} ester and phosphoric acid mono-[(R)-2-amino-4-(4-hexyloxy-phenyl)-2-methyl- 
butyl] ester, or a salt thereof. 
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